Abstract. In a recent article by P. Hockett et al. [1] , time delays arising in the context of molecular single-photon ionization are investigated from a theoretical point of view. We argue that one of the central equations derived in the paper is incorrect and present a reformulation that is consistent with the established treatment of angledependent scattering delays [2, 3, 4, 5] .
In their recent article [1] investigating the spectral and angular dependence of time delays occurring during the process of molecular single-photon ionization, Hockett et al. provide the following general expression (Eq. (4) in the original publication) for the time delay τ g W (k, θ, φ) associated with the outgoing photoelectron with momentum k and emission direction described by the spherical angles θ and φ:
In the above equation, ǫ denotes the continuum electron energy, is the reduced Planck constant and the quantity ψ lm denotes the partial waves in terms of which the outgoing wave function Ψ g is expanded:
We argue that the definition given in (1) is not consistent, neither with the established interpretation of time delay phenomena [2, 3, 4, 5] nor the recent theoretical work on photoionization delays of atomic systems (see, e.g. [6] ). Following the derivation given by Wigner, the time delay τ in molecular photoionization can be related to the group delay of the outgoing photoelectron wave packet. This quantity is given by the energy derivative of the complex photoionization amplitude f (ǫ):
A convenient practical route towards calculating f (ǫ) from first principles using the single-photon perturbation framework employed in [1] is by performing a partial wave expansion in spherical waves:
where the quantities Y lm denote the spherical harmonic functions describing the orientation of the outgoing photoelectron vector (Ωk = (θ, φ)) and the photon polarization (Ων) directions. The exact form of the above equation may vary depending on the normalization conditions imposed on the continuum wave functions or the gauge (length vs. velocity). Differentiating the phase of f (ǫ) with respect to ǫ, we obtain for the time delay τ :
We emphasize that expression (5) contains two differences as compared to (1), namely the presence of dipole matrix elements ψ lm | r ν |ψ 0 between the continuum waves and the initial state ψ 0 and the angular factors. Although the spatial contribution from the phase of the spherical harmonics is discussed in the original article, the dependence on the matrix elements has been neglected.
We note that the correct Equation (5) has been given and illustrated in our recent publications [7, 8, 9] .
